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Abstract. Late blight is the most devastating disease of potato (Solanum tuberosum) 
worldwide. It is caused by the oomycete Phytophthora infestans. Wild Solanum species are a rich 
source of resistance genes to Phytphthora infestans.  Solanum demissum is the most studied and used 
potato in breeding programs. 11 resistance genes from Solanum demissum were introduced in Solanum 
tuberosum. In this study we tried to isolate the gene fragments involved in potato resistance to 
Phytophthora infestans. We used potato plants (Solanum tuberosum) containing different resistance 
genes to Phytophthora infestans. After RAPD analyses of resistant and sensible potato, we have 
identified markers that were used as probe for Southern Blotting hybridization of digested and cloned 
genomic DNA of resistant potato plants. From bacterial colonies, identified as carrying the gene 
fragment involved in Phytophthora  infestans resistance, was isolated plasmidial DNA. After selection 
of bacterial colonies, which presented, after amplification with specific primers of the vector, a 
singular band, the DNA was sequenced. 
 




Phytopathogenic oomycetes are responsible for economically important diseases, 
such as late blight of potato caused by Phytophthora infestans (Gururani et al., 2012) Potato 
late blight is one of the most important diseases in the world. The casual pathogen is 
Phythophthora infestans, an oomycete, which can cause important crop losses every year. 
This pathogen also infects tomatoes. Crop losses and costs of late blight control exceed the 
multibillion Euro amount (Razuka et al., 2007). Currently, late blight is controlled by a 
combination of diseases management strategies, relying most on the use of fungicides (Fry, 
2008).  
Wild Solanum species are the source of resistance genes. Potato resistant genes to 
Phytophthora infestans are R genes (R1-Rn) from wild potato species (Solanum demissum, 
Solanum stoloniferum, Solanum bulbocastanum) and other species. All R genes are major and 
dominant genes. A total of 11 resistance genes from Solanum demissum were introduced in 
potato (Solanum tuberosum). Unfortunately these genes were defeated in few years after their 
introduction in potato plants (Turkensteen, 1993).  Since the disease was identified in Europe 
by 1850, the researchers discovered many Solanum species with natural resistance to the 
pathogen. Solanum demissum is the best-known and exploited species, being used in breeding 
programs (Verzaux, 2010). Nowadays researchers try to map and to clone the resistant genes 
(Rpi) present in other wild species of potato (Hein et al., 2009). From the breeding prospect, 
many wild Solanum species presenting high level of late blight resistance cannot be crossed 
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with Solanum tuberosum by conventional breeding methodologies. Thus, cloning and 
functional characterization of the genes that confer broad-spectrum late blight resistance will 
forge ahead immediate exploitation of wild Solanum germplasm in potato breeding (Tan et 
al., 2010).  Several functional resistance genes from potato conferring resistance to late blight 
have been cloned and all of them belong to NBS-LRR class of plant resistance (Gururani et 
al., 2012): R1 (on chromosome 5) and R3a (on chromosome 11) from Solanum demissum 
(Balvora et al., 2002; Huang et al., 2005), Rpi-blb1 and Rpi-blb2 from Solanum 
bulbocastanum (on chromosome 8 and 4) (Naes et al., 2000; van der Vossen et al., 2003, 
2005). RB genes cloned from diploid potato Solanum bulbocastanum gives a broad-spectrum 
late blight resistance to potato (Liu and Halterman, 2006; Staples, 2003). 
 
MATERIALS AND METHODS 
 
 In this experiment we used differential potato lines carrying different 
resistance genes to Phytophthora infestans (Tab. 1). Biological material, represented by 
differential potato lines, was kindly provided by USDA, ARS, Wisconsin, United States, as in 
vitro-plant, and by National Institute of Research and Development for Potato and Sugar Beet, 
Brasov, Romania, as tubers.  
Tab. 1 
 
Plant material used in this experiment 
 
Code R Gene Source Code  R gene Source 
1 R0 Brasov 19 R4 Netherlands 
2 R1 Brasov 24 R5 United Kingdom, Scotland 
3 R2 Brasov 25 R7 United Kingdom, Scotland 
4 R3 Brasov 26 R8 United Kingdom, Scotland 
5 R4 Brasov 27 R3 Netherlands 
6 R5 Brasov 28 R10 Netherlands 
7 R6 Brasov 33 R2 Netherlands 
8 R7 Brasov 34 R1 Netherlands 
9 R8 Brasov 35 R6 Netherlands 
15 R0 United States, 
Wisconsin 
36 R11 Netherlands 
16 R9 United States, 
Wisconsin 
   
       
DNA extraction was performed from plantlets grown in vitro or from leaves from 
plants grown in fields, according to Lodhi et al., (1994) (Botez et al., 2009). After RAPD 
analyses markers for resistant genes were identified based on co-segregation (Balazs et al., 
2010) and these polymorphic bands were used as probe for molecular hybridization. 
Genomic DNA of resistant potato was digested with EcoRI enzyme for 3h at 37°C in 
a volume of 15 µl (H2O- 9,8µl, BSA- 0,2µl, Buffer H- 2µl, EcoRI-1µl, DNA-2µl). The 
digestion was stopped by incubation at 65°C for 15 min. Ligation was performed in a volume 
of 14 µl: 2×Reaction Buffer- 10 µl, DNA (1000ng concentration)- 1 µl, H2O- 2 µl, DNA 
Blunting Enzyme- 1 µl. After incubation at 70ºC for 5 min the ligation mix was cooled on ice, 
and was added pJet 1,2 Blunt Cloning Vector (50ng\ µl)- 4 µl and T4 DNA Ligaza- 2 µl. 
The transformation was performed after Transform Aid Bacterial Kit protocol 
(Fermentas), using GM2163 E. coli strains. 
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The transformation products were plate on pre-warmed LB-Ampicilline agar plates 
overnight at 37°C. The E. coli colonies that have grown on the LB-Ampicilline plates have 
inserted the genomic DNA sequences. The individual bacterial colonies were recovered and 
seeded individually in 150-200 µl liquid LB with ampicillin, in the alveoli of PCR plates. 
After overnight incubation at 37ºC, the bacterial colonies were transferred on nitrocellulose 




Fig. 1. Transfer of bacterial colonies on nitrocellulose membrane located  
on solid LB-ampicilline medium 
 
All the materials used for the transfer were sterilized, inclusive the nitrocellulose 
membrane. The membrane was incubated overnight at 37ºC. After bacterial colonies grown 
on membrane, lysis of bacteria was carried out with chloroform, followed by denaturing and 
neutralization of DNA. DNA fixing on the membrane was achieved by incubation at 80ºC for 
2h. Plasmidial DNA of polymorphic RAPD amplification product, recovered from gel and 
cloned, were labeled with biotin and used as a probe in molecular hybridization. 
Hybridization was performed using Denhardt’s solution. Pre-hybridization was 
performed 3 times at 58ºC, each time adding denatured herring sperm (total time 2h). 
Hybridizations were performed overnight at 58ºC on a shaker, using 20µl hybridization 
solution and 50µl denatured probe. In this period the hybridization solution was changed 3 
times. For detection were used Biotin Chromogenic Detection Kit (Fermentas). 
 
RESULTS AND DISCUSSIONS 
 
The bacterial colonies that grown on LB medium have inserted genomic DNA 
fragments resulted after digestion (Fig. 2). 
 
 
Fig. 2. Bacterial colonies with genomic DNA fragment as insert 
 238 
 
Biotin labeled probe, and position of bacterial colonies that carries gene fragment 
complementary to probe, was detected with streptavidine conjugated with alkaline 




Fig. 3. Bacterial colonies on membrane, visualized after molecular hybridization  
with labeled probe complementary to R5 resistance gene fragment 
 
From bacterial colonies identified as carrying resistance gene to Phythophthora 
infestans, plasmidial DNA was isolated. The DNA was amplified with specific primers of the 
vector, and the amplification products were separated in 0,8% agarose gel (Fig. 4). Only the 




Fig. 4. Amplification product of cloned DNA fragments 
 
14 cloned fragments were sequenced, and comparing their sequences, 7 were very 






Fig. 5. Restriction map for fragment 24 (R5 resistant gene) 
 
Isolation and cloning of resistant genes offer the possibility to transfer them, by 
genetic engineering, in susceptible potato to Phythophthora infestans.  
In this experiment, by isolation and cloning of DNA sequences from genomic DNA 
based on molecular hybridization with labeled probe, it is possible to isolate resistant genes, 




Of genomic DNA gene bank, based on molecular hybridization with probes 
belonging to the resistant genes (DNA fragments of resistant genes to Phytophthora 
infestans), were isolated and cloned fragments of resistant genes, fragment that were 
characterized under the aspect of nucleotide sequence and the presence of restriction site. 
If further research, based on expression of resistance gene (mRNA) by differential 
display technique, we could identify sequences that certainly belong to resistant genes, 
sequences that could be used as probes for the isolation and cloning of entire genes from a 
cDNA gene bank. 
 
 Acknowledgments. This work has benefited from financial support through the 2010 
POSDRU/ 89/ 1.5 / S52432 project, „Organizing the National Interest Postdoctoral School of 
Applied Biotechnologies with Impact on Romanian Bioeconomy”, project co-financed by the 
European Social Fund through the Sectoral Operational Programme Human Resources 
Development 2007-2013. This project is co financed by the ministry of education and 





1. Balazs, Erika, Botez C., Taoutaou A., Curticiu D., Briciu D., Cota L.C. and Briciu A. 
(2010). Preliminary results concerning cloning resistance genes to Phytophthora infestans from 
Solanum tuberosum. Bulletin of University of Agricultural Sciences and Veterinary Medicine Cluj-
Napoca- Agricultura 67: 29-34. 
 240 
 
2. Ballvora, A., M.R. Ercolano, J. Weiss, K. Meksem, C.A. Bormann, P. Oberhagemann, F. 
Salamini, and C. Gebhardt (2002). The R1 gene for potato resistance to late blight (Phytophthora 
infestans) belongs to the leucine zipper/NBS/LRR class of plant resistance genes. Plant J. 30:361-71. 
3. Botez, C., D. Pamfil, A. Taoutaou, Erika Balazs and P. Raica (2009). Preliminary results 
concerning marker assisted selection for potato resistance to Phytophthora infestans, Buletin USAMV, 
Agriculture, 66 (1). 
4. Fry, W. (2008). Phytophthora infestans: the plant (and R gene) destroyer. Molecular Plant 
pathology 9: 1-18. 
5. Gururani, M.A., Venkatesh J., Upadhyaya C.P., Nookaraju A., Pandey S.K, Park S.W. 
(2012). Plant disease resistance genes: Current status and future directions. Physiological and 
Molecular Plant Pathology 78 (2012) 51e65.  
6. Hein, I., P.R.J. Birch, S. Danan, V. Lefebvre, D.A. Odeny, C. Gebhardt, F. Trognitz, and 
G.J. Bryan (2009). Progress in mapping and cloning qualitative and quantitative resistance against 
Phytophthora infestans in potato and its wild relatives. Potato Research 52:215-227. 
7. Huang, S., E.A.G. Van Der Vossen, H. Kuang, V.G.A.A. Vleeshouwers, N. Zhang, T.J.A. 
Borm, H.J. Van Eck, B. Baker, E. Jacobsen, and R.G.F. Visser (2005). Comparative genomics enabled 
the isolation of the R3a late blight resistance gene in potato. Plant J. 42:251-261. 
8. Liu, Z. and D. Halterman (2006). Identification and characterization of RB orthologous 
genes from the late blight resistant wild potato species Solanum verucosum, Physiological and 
Molecular plant pathology, 69:230-239. 
9. Lodhy, M.N. Y.N. Guang, F. Weeden and B.I. Reisch (1994). A simple and efficient 
method for DNA extraction from grapevine cultivars, Vitis species and Ampelopsis Plant Molecular 
Biology Reporter 12:6-13. 
10. Naess, S. K., J.M. Bradeen, S.M. Wielgus, G.T. Haberlach, J.M. Mcgrath, and J.P. 
Helgeson (2000). Resistance to late blight in Solanum bulbocastanum is mapped to chromosome 8. 
Theor. Appl. Genet. 101:697-704. 
11. Razukas, A., Jundulas J. and Asakaviciute R. (2007). Potato cultivars susceptibility to 
potato late blight (Phytopthtora infestans). Applied Ecology and Environmental Research 6(1): 95-
106. 
12. Staples, R.C. (2003). Race nonspecific resistance for potato late blight, Trends in Plant 
Science 9:5-6. 
13. Tan, M., R. Hutten, R. Visser, van Eck H. (2010). The effect of pyramiding Phytophthora 
infestans resistant genes Rpi-mcd1 and Rpi-ber in potato. Theor. Appl. Genet. 121:117-125. 
14. Turkensteen, L.J. (1993). Durable resistance of potatoes against Phytophthora infestans. 
Pages 115-124 in: Durability of Disease Resistance. T. Jacobs and J. E. Parlevliet, eds. Kluwer 
Academic Publishers, Dordrecht, The Netherlands. 
15. Van Der Vossen, E.A.G., J. Gros, A. Sikkema, M. Muskens, D. Wouters, P. Wolters, A. 
Pereira, and S. Allefs (2005). The Rpi-blb2 gene from Solanum bulbocastanum is an Mi-1 gene 
homolog conferring broad spectrum late blight resistance in potato. Plant J. 44:208-222. 
16. Van Der Vossen, E., A. Sikkema, B.L. Hekkert, J. Gros, P. Stevens, M. Muskens, D. 
Wouters, A. Pereira, W. Stiekema, and S. Allefs (2003). An ancient R gene from the wild potato 
species Solanum bulbocastanum confers broad-spectrum resistance to Phytophthora infestans in 
cultivated potato and tomato. Plant J. 36:867-882. 
17. Verzaux, Estelle (2010). Resistance and susceptibility to late blight in Solanum: gene 
mapping, cloning and stacking, Thesis, Wageningen University. 
 
 
 
 
 
